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[it*?M 2 ] 

tirfBZnS^#S#^#l^ti^ (Zni- „ - /? - ^ Cu,, A/; By ) (Si - x - y Sex Tey ) 

(0.004^ a ^0.3, 7^0.2, O^x^l, O^y^O.2, x + y^l. A, BtiCd, Hg 

{%Mim 3 ) 

BtrtfiZnSm^^#*t^{4> (Zni- „ - ^ - r Cu„ Mg^ Cd^ ) ( Si - x - y Sex^Te 

y) (0.004^ « ^0.3, /9^0.2, 7^0.2, 0^ x ^1, O^y^O.2, x + y^l) -^7^^ 

[Iff 4 ] 

|ff|B^^^^;t=^|!l.ii, :^S{t K^^-?^ h t LTCK Br. I. AU Ga. In:^^ ^^if tL^#^ < 
t ^)15ffi<7) K-/^°> h'^'^*. mia1t^tK-^^°> >M^nO^^~102° cm-^T'^^W^iSl 

[if 5 ] 

|yiB-^###l4-tt. 470nin~750nmtzi3lt^7fcBiia#»^ 5X10^ cin-n:i,T-tr*^fi^:^ 
[W« 6 ] 

[fi*il 7 ] 

[If 8 ] 
[i»^:« 9 ] 

[fi^itJi 10]' 

[ft 1 1 ] 
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[0 0 0 1 1 
[0 0 0 2] 

ZnS ^ ZnSe^2g#ti. ^fl^fl^^> yfis X^3.7. 2.7 eV=lr^L. 

LTffi;^7fi<]l'r?fm«*6^tLTV^;S, (£i.T. ^<^ZnS . ZnSe^##^^^ 

[0 0 0 3] 

$t >feJMTlfm«i6ib^xTV^^o ZnSeOpM-fbt'iiM* (N) ^V-y^yYt 
■t;h^m7:^^M^^hKX^fZo 1 i-^^ ^^XV>;g> J: ^ tc, ZnSe^GaAsO# 

^tC, mm (N) 9i^*;V=^IWIB#MB*j-LN^^&^tf"t;SXLp-ZnSe^#^4$«-e*^o MBE 

^fz^ ZnSe(DmzX^^^VTmm<D±mi±10^^ cm- ^-e^^^ t«-&$tLTV>S 

o ^ofztb^ m=?-^<Di^^^Ki±^ljim-A^^^tfz^^yf-\r^-^^^. ^hK^ 

[0 0 0 4] 

tfz. m^cOp-ZnSeti^^ V T?l;K^5^+^S-ift < >&V>/^i6 ^3l|S^M=^ffiV^T:^- 5 ^ 
^ t;e)^'^"nr|g-e^^ i:v^9 Pn^M>6^^*^o ^Ofci6. I^5^> mM^^^:p-Zn 
Seratc:pM'faJS^'fk55^#=^^ZnTe=^ffiV^fc#^^#F (MQW) S^^^^^i"^ ^ fc'co^T^^' 

m^ffifei^^'ii L*^*Mb^« < J: ^ o 2 ) o $ t::, ZnTefi^-? 

>' F^^-Y 7°2.3eV ^^-T-SfeKt?^^ 0-t:\ r&ft540nm JiJ^T^^^i-M LTS^v^MilX^ 

[0 0 0 5 ] 

ZnS li^(Dm 1li=-^±y^ ^ - :^^^ZnSe J; !9 $ ^ < . ZnSe X ^ h Kpm^i&in. 
iti!}mm^j:Um-X^^o p-ZnS ^#^^aLfc#«#j«±V^tffM%$ttTV^:&V^o 

'ofz<yf%^^j:mmz^:ho 

[0 0 0 6] 

t^*. Cu i±ZnS ^ ZnSeK'mu^fi^ t^fl^'fLm250. 650 meV^ ^ ^V^T -b ■/iJ' 
tifa=^?^^-r^ i:^^$tt-CV>;g> (^^Jlfi^^lfcms) o Cu ^Jnt3J:oTitL?><^*t^=lr|£ 

-e, i CO J; ^ iifilv^!ifS:;«>- ^> i; T (D-mmtit ^^fz< $ tt;^ -^j-^ o 

[0 0 0 7] 

J*il±0 j; ^ ^>bt?Jiaoif-e. «^ftM^t3&o7^:Cu »aJK{±/c;6-ff56-10i» cm-^ (0. 
05 at%*^V^{±« = 0. 0 0 iMt^ffi^) tX(Dm&X'^^fZo Cut±±IS<50 i ^ irZnS 

, 2nSe^zi3\^^x•m^^r^■^y°^mit^fm-r^^tmnhi^x^fzo ^(Dr^^-zr9m\^ 

, g-Stci3V^X/c:;^^/i^-10-^^^VMi-etLmT-^'ab^o '^Jx.{f> lO^^cm-^O^ (0.05 a 
t%*^v^tta = 0. 0 0 1@^t::5BS) -eCu'^^SnU^^:»'^tc#^>tL^^^ V T^^StilO 
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[0 0 0 8] 

H^H^tl^^ ^ {4 tf ^ ^ V ^ ^ ^ t :^^'Z4M'^'^ i'^'^ ^f^o ^ /^^t- % * 

fLx^fzo ^fih^^i^ ^z^^ )^j^m%<Dm%^<omuu& t l-c (43oo°c 

L T t± D i6 T p t L T hfi^i><7)x-^-ofzfzib. mm^M ^'^<-t^ 

i6 . K - ^ ^° > h <50 fStt<l:>5^t.tp$lJ ^ fimi- ®*£^*t*4 ^ # ^ i {4 ^ "sr ^ o o ^ 
O i d 5&tfe?a<^'t'-^. ZnS^pM^S#*t^^-^^H^H*^V>{±jntf^dpv.^;H^CDMJiy. 

[0 0 0 9] 

[#K^5;itl] #11^3078611 5 ;^Vi5'^-r->i5''^ &-T-jx7r 

W^n'X'^W JournAl of CrystAl Growth, vol. 197(1999). pp. 557-564 / W. 
FAschinger 

[Wmfr^n2\ JournAl of CrystAl Growth, vol. 2 14/2 15 (2000). pp. 1064-70 / 
A. KAtAyAmA et Al. 

[#^#ii^«3i ^m'^^^yy-fy^ (I3^*;s. 1934^) pp..i82-i85 

mmmvi^ uxot-r^ mm] 
[0010] 

m±<7) i d ^^^?5ilt?ab ^fltX. Cu ^ZnS . ZnSe^ if <^ZnS ^^S^il^^JDlt ^ 
;J)-fi;e)-10i^ cm-^ (0.05 at%^^VM4 a = 0, 0 0 1@;KtCffi^) t tr(D«-r* . 

2. Cu^«LfcZnS T-(4. Cu«MO. 0 1 at%J£l.±-e^^»7&^'^ L < ^^bi"^ v> 
<7>pMZnS ^ # ^ <7) {4^M i6 T ail^^ ^ o o 

[0 0 11] 
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[0 0 12] 

^fz:^^m<D^mi-^^^W. tf)lBZnS^#S##fW (Zm- „ - ^ - ^ Cu„ A 

^ B,- )(Si - X - y Sex Tey ) (0. 004^ « ^0.3, 7^0.2, O^x^l, 0^ y ^ 

0.2. x + y^l. A, Bi±Cd, Hg, T :^ V ±$M±m-^- hMl^fi^Tum) ■^^7j<^ti^^mi^ 

[0013] 

tfz:^mm<D^mmt^^^i. mmZnS^^mmtW. «^ (Zni- « - ^ - ^ Cu„ Mg 
^ Cdy )( Si - X - y Sex Tey ) (0. 004^ « ^0. 3, ^8^0.2. 7 ^0. 2, 0^ x ^1, 0^ y 
^0.2, x + y^l) X-^^fl^^m^Un-^^^i>(^'^^tfo 
[0 0 14] 

- - ^S##f4^#:{iZnS "C i> ZnSe-T? ^ . -^hK^nh OMMiU^^-^ X\^^o 
0j(^2^®fi, t^^5lttC5&V>#-fi(;OCu ^ZnS s ZnSe^^V^(±itLib<:or£H^H*4-fi-t^»i"^ i 
i: J: > t^*^tT li^-r ^ - ^ § o fclSJfiirbpa^^^'fb^Wtg t <g> :i 

cu 'mnmma ^o.oo4~o.3 (0.2-15 at%) t L/ifc Zns ^.um^^m&iihm^M 

, T^;V7 T>^<^v^TtL<7)^@lr^oT'^. #:a«*l 0 ncmcmmT<7)pa{g:«^*# 

^ 75^o#|tBSH#-r* !9 ^) rco J; ^ tcfgjTL^O/h^S^v^ZnS ^#1454^^^^ -eiC^fctS^ 

tLXV^>&v^o icoJ; d 'fe#tW#'^tL^Sd&<^M{4^0J"e^^:*^ Cu ^j^^O^i-ti 
i o -CCu -Cu F^£E^755Vh$ <^;i>iti'J;>9. Cu-Cu rm'S.imifi^ CZnS ^#>N-<?) 

[0 0 15] 

ITO (Indium tin oxide) . ZnO. GaaOs^ SnOz ^J: t i> ^ ~ ^ y ^mm:^^]}^'^^^'^^ 
o NK-T'p-ZnSelCiSV^TJi. m«^Jl tp-ZnSe^ tCp«Jm'fb«l'^ZnTe=lrffl 

V^fc#S:^^#^ (MQW) «it=^?]^J^i-^'feif<^^#^^'^fffl$^^-C^f^ (#^£!f lt« 1 ) o 

[0 0 16] 

'il>g-e;fcv^o (i5Ux.}?*^mi0-^TorraK) ^fOffi LT{«-r^ 

o t/c, »MEl50t:®Ei':J.T-^-^)M1-^^i:^^^-C-i^^<^-^-> -<55?Mt^»x.d 
[0 0 17] 

^l^T-Cu ^MJK« (40.004-0.3 (0.2-15 at%) X^^. L < (4 a *0. 02-0. 24 
(1-12 at%) -C-*;5.o Cu mmmmam. 02 a at%) mT(7)i:^^«^rL^^^^±iSp-rs 
mm^^^o Cu a )0^^O. 004 (0.2 at%) mTOJif^(w{4fej|!c(^®W{4±iJn LlO' 

ncm m_htc^i^o-CLtv>^ffitt(cSLv>o Cu M«>&^'0.24 (12 at%) ^m^-^t^ » 
-fe^«itO:?fe^^itt7&^^^T®T-^-^MlRl^^'*^o Cu mMmmam.3 (15 at%) ^Sx.^ 
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i^^. CutiZnS > ZnSe'^cO^^Rl^'^^x.T L t ^ t ^ tt. ^^tB^^^Cu S . CuaS * 

a<7)m^#i4{ii:^#-t-^^^^^^"^'^^ Cus. cu2S^^vMiCuSe{±Brmi^t-5iv^^ 

[0 0 18] 

*5t. |IK±"BrW<^^S®tt{i^ fflV^7t^#-r^t?t)Cuf: K--/$tL-CV^^v^ZnS . 

^fci^tr, 20% mm'^±UtLXm(D7tm. 'fts:t>%. ZrmM<DW^XM. Ca, Ca, Hg:*^' 
>'KT7-r^V^^ ^t«S:^^ JSW^f^M^^^^Wt^-e^^o Mg. Cd. Caab;i.v^±Hg60. 

[0 0 19] 

^fz^mn<D^mmm\t. wm^mmmifi. 1tjtK-^^°>^^LTcu Br. i. ai 

. Ga. lni)^hm\iM'>-^£ < hi>m(D Y-^-^y V tfrtfiWt K-/^°> h^^^^no^ 

^~102° (5X10-^~0.5at%tcffi^) -e*;S> ^) O^^tfo 

[0 0 2 0] 

. mi 2 ^ a =0.004~0.01<:or <^*v^«taISIl'i3V>-C, Cu»Miiiint::#v^ 

^ X -eion cm/j- 10- 1 ncmmm^ t § < #^a®*n:^«'fb i tLm±OCu^ 

^(Dfzib^ 10-10-1 ncm^SjR<7)f^-eH^M<^#Mi5T:^^#j; ^ tl-*:^^. 
-r;i>c^:T"?-<^^^ V Tm:K*miilil-^^^^^^^^^o i^r-. ffi«F-/^°> hf^ci, Br 

, I , Al, Ga, Inyb^hMiifi^'^^J: < t i^im<^ K-/^°^^ Y tL. ^omin K-/^°> hit 
ffi/^)n0i^~102° cm-2 i 9 t^M-r^o itLi^(7)|Sjt F-^^°> ^at-t-zns 

LTV^;|,o ffl{tK-/^°> h ^inx.'feV^:^^. Cu-^Jn?M a =0.004-0. 01<7>^^T-#^ptL 
V Tife;K(410i^f§-10^° cra-^0:t-i5^^--e2b^o ^(Dfzib, :i(D^^v rMM"^ 

mM<Dim^i^xm^'^^wmv-^'^> vM^t LTtiio^^-io^^cm-^ <Dmmx^fn£^^ 

[0 0 2 1] 

irfj:t)^:^mM<D^mi^m'^it. Cu ■»fi:O^T-'fe < . W«K-/^°>^ (compensator 
) ^fflV^T-^(75j£Jn:^=^pft1-^i t75WtgT-*^o lt«F-^-«> > i: bT. tlfe5fe ZnS 
^4:^f^(^nM K-./^°> h ^: L-Ci^ffl^tLTV^^CK Br. I. AU Ga> In:^^'^ IJffi ^ ^ o 

[0 0 2 2] 

tfz:^^m<7)^^'^U^it. WB^Mi^U^H)^. 470nm~750nmJC:fett^«i|X#ifc:6^ 5 
XIO^ cm-^]ikTX^^i><D^^tto 
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[0 0 2 3 1 ■ , q 

[0 0 2 4] 

[0 0 2 5] , ^ 

10 0 2 6] ^ . ^ 

[0 0 2 7] 

jEjimxmmmm^mmvxt^^i><D^^t^o 

[0028] ^ . 

[0 0 2 9 ] ^ . ^ 

:2^^H^co^*#*tf4{±. mmx^^fzibK. iEiimxmmmtvx(D^tj:hir^ mm 

tfz. ZnSe/ZnTe MQWMt^^^tL;& J: d ^-;w^l&^t^t3Hi-^^^^<b<^5gffl 
[0 0 3 1 ] 

^xr. :^m^<Dmm<DWi'mK'o^^xmM-t ^ o 
(m 1 om.M<D^M) 

ic^{i/MT;v7^i;?trv>^M^-^>^^Mii±t^. mm^m^ut hxmnmi2 ( 

mffSOOnin) i«L. ^0±irlE?L-aAffl^»#® (pM^^^^W) 13i LT. fctx.}^ 
Cu F-7°ZnSe»J3i=^M)¥300nmlt«L. -e<7)dxl;i. ^^Jil4 (mffSOnm) t LT. Zn 
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v-i;i/»it<7)^y|tBl3n-Y Vie^^Wc^-^^ttiiK. ^^m±Kmm,^^^ir:hmir 

j^xm^mm ivM^mi^m) 15 (mffsoonm) <D^^^wm^mmLxrj:;hi><D-c^^ 

[0 0 3 2] 

^7^:il=^Mt-'2>I^B#-«^»#^ LTZnSe^TliRLfco ITO»II# § r ;v :^ V 
7 M =^ > (MBE) ^mffl*^^e ( j:. ^ 3 - :/ y ^ T V >- i^'m. PJ 

5t*^JS 5x10- ^°Torr) 1*1 1::. ^mffl<^^9>^»mil ^ L-CSAL. «*;V3^-±tli^ 
nVfz (El 2 (A) ) o 
[0 0 3 31 

'A^z^ m2 (b) tc^i-J; 9 ^^^«*300°Ct'#?aL. IS^MLfCo Zn^r;^^ Se'fe;^ 
[0 0 3 4] 

Itv^T. [12 (c) ti^t-i d t^Zn-fe;V> Se-fe;Vi3j;tf^3 0^^=^55*L7t-b;V:e)^^ 
^ 3 (Dj^^t LT^M^lJ tCiS-tScL/^ZnSemainP^ ^ iUm. 5 nm, 

[0 0 3 5] 

^LTgI2 (d) ft^tc. Zn-fe;v> Se^rJV'. J; r^ZnCh-fe^Vji^^^^ 

[0 0 3 6] 

[0 0 3 7] 

MLfzt:i^ ^ummmmmtm h titzo il%±:^' ^ mj±{±> 3 m^x\ wim-^m 
^^mmmx^^znSe<Dmmm'^iizMjB-t:ho ttz. m3i<zms.-mmmm. m^Krn 

^X^^ ^;^^^-rJ;^^w. ?fe*525 rmKm^^^^l}^^ ^ (.B^) ^ :^^m<D^^^-^ ^ 
[0 0 3 8] 

2 (DmiMmm) 

Zn. Se. Cu (D^^mmm^ (M;K99.9999%) ^^fflV^T. HI 5 td/j^l" i d W'ttZnSe 

^>fS2i (#is«^io' ncmm±.. M:^fi(iii)) ±i<zimimmM^mmmm^zx-ox 

«=^^do ^O0#, #iK3isi-<^?M{i-?-tL-rtL250, 150, 1050'CiiL, |WI^tC^^2 1± 

;z°(Dm^mm^'^xmmir^t. iuimmLfzTAMMmznSetmm.<Dm^mm(!:> 

fi^o ICV^miZX ^m^^nUir^t, Zn. Cu, Se i^^firfi45.5. 4.5. 50at%'^t 
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[0 0 3 9] 

tL-e^tLo tfz. seehecmwzmmutmmvfzt::.^. iE<Dumm (+5E) t^i^tL-r. n 
-Au. Ai-Au iTo-imi) <Dmm-mj±m^&^mmLfzt^^. v^-r L^v^ma 

[0 0 4 0] 

3 (DmtmMm) 

me ^C^i-J; d IC. nMZnSe»5K31 (Ga^*^^ #^«^~10"^ acm> M^^fSdlD) 

nSeil33=^?f^^LT4^°;^ hT--;V^Mi-o $ ^ CO liJit^lt#lmm<DAu««34^*^^ 
J; ^ i 100nm<D ^ flX. # ^ o 
-ebr^ibiC, ^<;0nMZnSe»^K31<^*Mt'Int' J;^m«35^]^>9#tt. AuWtltlnm 
MF^<7:)m-^-mJ±#'i4^«l^i-'5' ^> M^l^ (Aumfe=S:IE«) ^^-^T:^i^3vmji-em»fL^^^ 

e-^V«600ninCDyn- h;V^#o§|^>&5#^tL^o ^:<^*^ii, 20mA 

[«M] 
[0 0 4 1 ] 

(MMM 1 ~ 5 ) 

:*:^BJ^*&M(7)#^S#*t*l-^5i^^i"^^^^^-> Zn. Se. Cu (D^-^m&WM (I^ffi99.99 
99%) ^fflv^-C. r^fe«4ZnSeS« (#««^10« acmmji. M^^fidll)) ±.KMmm 
M^^^«M*^f ofco Zn. SeM»^ti250, 150°ChLfco Cu lIf4?M{i925~1100 

vtvfzo :iivhwMtmm^&mJii^Mmi''^Mom.mom^mm^^fzo cumnum 
^mt^-^^^tx-nhfi^cyMm mm) ^mt^^tzo whutzmi^. ^yfum'^ 

=^fflV^-ca*#^#H^T-e400'C-5^O>3^°>^ YT^-J^^ism'tMLX, IP^^O. 3~0. 4/. m 

^om=&xm$if (XRD) mxmmir^t^ inDmmLfzmmi^^mznSetmmom^n 

^g^n^^ti}^X^fZo SeMll^l^i^ fcitLfjO]l{4fe@l~5y«in=lr^-r'5)#ISB^H#";e* 
ofco tfzKF^mKX^ ^(Dm<Dm.m'^m^-i'^t^ Zn. Se. Cu 7^>^'■e^^'P«l^^^i- 
»76^^'^^tL;&i t)^^^:b75>o/^o *M^J U^i3V^T«. Zn, Se, Cuii'eM^tt45. 5 
, 50.0, 4.5 at% -C-^ofco ^tL{iM^(Zni- „ - ^ - r Cua A^s By ) (Si - x - y Se 
xTey) cO^fB-e^L/t^-^. a=0.09, fi = r=0, x=l, y =0 "C^ ;g> o 'fffiO^^ 

i9. -€-<75*§^. #ibtL;&m^7)Cu-M^^^i«< ^o-cv^;2>o ^i(7))io«^^4#.lt-^-c-|i^ 

Lf' t i 1 t'^i" is ^) 0. 5-0. 0008 Ocmt:-^ D ##li«i5T:T'^ ^ i: 7)^^*5^-0 

7^Cfflm^ c tC^i-t*^l9T'*o/co «(^P«S^"^'*>^460n]n l:J«Jl<75?W-e^i^^- 
>& < h ^2.2;«iiiSl?.ll^>&Mtim^tL-f\ 25%^x±.<DmMmtmhfifzo -^(Dmmm. 

(iC:(7)V^ftit-e:S^-e^4xlO^ cm"^ -tr^o/io 

mmmi<^m±^^^ au. au ITo=lr-e:l^'rtt2.'^,o'o;x>/^•';/:J^^t?^m (it#imm. mm 

^X^5im. ff§i3J;>?-100nm) #mSW (•t-'fe5b^Au-Au> Al-AU IT0-IT0F«1) <?)^ 

2005-3030651 
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m-mJ±m±^mM.Lfzt;L:b. v^-ftL(^*^^>> mSiZTj^irt^y). L§v^mJEO=5:V^ 
[0 0 4 21 

(jrb^ffl 1 ~ 2 ) (mmm 29) 

Cu iKfm-g^875°C at^flJl) . 900V (ibge^!] 2 ) . 1150°C 2 9 ) h LT 

^ CuiitJ^=^^'fb$^/^cJiJ,^1-i±^ M^lll tmmz. ff$0.4/zmOCu »ZnSem^#/Co I 

=^^LTV^f^o SeMlimt^i h^fihitmW 1 . it^M 2 . 2 9 com«fiSl~5 

^in=^*i-;i>^ltBl.#-t:-*ofco XRD|Il«ilW^^J;^^ii^ ib^fS 1 . ikRI?!] 2 (T^Mti (111 
)@B|6]L/^rAlMI&i£MZnSeii|W]»(5D|IlM:*^1#e>tLyto ^fz. tmmi. ibici^il 2 OlgcOS 

f^. jticfiJ 1 . ibici^ll 2 (7):)fcMiitt^lll^l'>^^ ^ ^ 5460nmJiy.±(7)'?feftt?iJ'^^ < ^ ^2.2^ 
[0 0 4 31 

^fzo XRDllI^if•&mif^::i^^{^^ 2 9 OKti (llDiBiS] LfcP^MI&iSMZnSei: |W1»<^ 

tUfJfmt'^jnx CuSeiS J: O^Xui . sSe IWJ^^ tL^ ^ tL. ^ om^^^ZaSelgH^affi 

h CuSeis i r/Cui . 8 Sel^H^affl -h^htii^^t ifif^ i^-ofzo CuSe^ i t/Cui . s Se iij&teirCO p M 
^ ^i- ^ 1 5j)^'*n hfiX^^. CuSe*5 J; CFCui . 8 Se^^ ^ 2 9 O IE 

$tL/co t/^. -eo^^TL^^S 1 I'^i-fcis J? 0.0005Ocin^:#'tt-'fg:VMl*7]^LTV^fCo 
[«il 



2ri <at») 



Total (at%) 



45.5 



50 



4.5 



too 



0.09 



4.9.7 



&0 



0^ 



100 



D.00B 



50 



100 



44 



50 



100 



0,12 



35 



50 



15 



100 



o.ao 



4».9 



50 



0.1 



100 



0.002 



SO 



0-05 



100 



0.001 



50 



20 



100 



0.40 



a 



0 



0 



0 

0.0004 



O.0O8 



CIS 



0.0 



2.0E+20 



7.5E»10 



2.0E+17 



[0 0 4 41 

mmm e ~ i o ) 

mRtVXmT)l^iJV ^^^^ (Corning^±m #7059) ^mmLfz^UimiMmi- 5 

H^#:-t:^^o/^o xMtJf (XRD) m'^^m^^t. ;Lfih<Dmx-ii\^^irM(iiim\^\^fz 

i^iiiS^Cu (7)^;tfi{i«1?ai-5tt5{?[WI;it<D?AE (0.8~13at%) ^^^ofco f!lx.{i\ 
^Ml^Ug-eti. Zn, Se, Cufi^^x^^tL 43.0, 50.0, 7.0 at%je^ofco ^tt{±a^^(Zn 
1- . - ^ - , Cu. Ayj )(Si X - y Sex Tey ) <^^f2-^^^L^-^^^ a =0.14, /? = 
7=0, x=l, y =0 -e^^So ^fe<^IIJfe^!lO«^|Wl#l-^2 4»t::7pLT^;i)o t/c. 

jiJSE# 2005-3030651 



mM. 2004-031086 



9/ 







mmmi 




mmms 




Zn fatso _ 


45.5 


49.2 


48 


43 


37 


Se CatX) 


50 


50 


50 


50 


50 


Cu f«t*) 


4.5 


0.8 


2 


7 


13 


Total f«t%) 


100 


100 


100 


100 


100 
0.26 


a 
A 


0.09 
0 


0.016 
0 


O.04 


0.14 
0 


0 


r 


0 

1 


0 

1 


0 

1 


0 
1 


0 
1 




0 

0.02 


0 

5 


0 

0.2 


0 

0.02 


0 

0.0015 




5.0E+t9 


O-OE-cIS 


6.0E-M9 


6.5E4-19 


5.0E+20 



[0 0 4 5] 

mtm 11-15) 

SM^fc LT]i5#^J^S (*^JS99.9999%) ^fflv^T. :Lfi^ ^ y y i^^tJl^^mLtzmM 

■^ixrfhso-nov. i25~i50t: t l/co nhKfzmit. AuM^^Mtl^^hm^^i^'^'^ 

^^t^mU^fifzo liZ^irtiB^ ^ Cu ?ftKt±4.2~7at%. S aftii20~50at%(y=G. 
4-1. Z=0)-e^c.fco mmmi l-^a. Zn, S, Se, Cufi^tL-PtL 45.5. 20.0, 

30.0, 4.5 at% -e^oTto vl tt(i^^^(Zni - „ - - ^ Cu,, Ay? By ) (Si - x - y Sex T 

ey ) <7)^|3-e^Lfcm^. «=0.09, /3 = 7=0, x=0.6, y =0 "C^ ;|. o 'ftilO^MflJ 
|Wl#tI^3 P|3tC^L-C*^o ^/t, V>TtLO|I^> 5-0.05 a cm<7?fg;V>JS^^^^ 

h^£^^hifit>ih'ofzo tfz. mMMl 5(Dm<7)mM:^^i^ V)i^l±m9\Z7Fi-^v^^. 4 
6 0rmi^J>±O?&ft-e{±^^^ <ti>2. 2 jumt^^mM^^mXltMshfLir^ 5 0 %m±coM 
M^:^^Whiifzo tfz-^hK. S^-^t ^v>M± i9 ^ ^t-4 6 0nmJiJ.T<^r&ftlEll|(7)M 

i-^##§B%#t?afeo/io i<^Mt^Au. AK lT0=^-?-tL-rtL2,>iro'o>?;/N°«> iJ'^mL. ^MU 



tBfE# 2005-3030651 



mi 2004-031086 



: 10/ 



Zn Cat%)_ _ 
S (at*) 

Se(.«> 

Total (at%) 


45.5 
20 
30 
4.5 
100 


45.8 

30 
20 
4.2 
100 


45.2 
1 50 
0 
4.6 
100 




43 

25 

7 

100 


a 

X 


0.09 

P 
0 

0.6 


0.084 
0 

P 
0.4 


0.09 D_ 
0 
0 
0 
0 


0.126 
0 
0 
0-1 
0 


O 14 
0 
0 

0.5 
0 




0 

0.05 


0 

0.12 


5 


2 


0.3 




5.0E+19 


2.2E+19 


1.0E+19 


l.OE+19 


1.3E+19 



[0 0 4 61 

mmm i e ~ 2 d 

Mg. Cd. Te^ ^ h J<zmMWM><zM^fzmUtMMM 1 i: |Wl»ic«^^T^ /io Mg^ Cd. 
TeCD^WMUma. 500~600r^ 550~675''C> 260~310''C t L/^o Whfifzmit. XRDffi 

ISfS$n/^o ^J;ifi\ mmmi ex-a. Zn, Mg, Se, Cufi^tL^tL 42.5, 5, 50.0, 2.5 
at% X^-ofZo ^:tL««^(Zni- « - /? - r Cu« A;8 By )(Si - X - y Sex Tey ) 
fSt:-^L7tm^. a=0.05, y3=0.1, 7=0. x=0, y =0 "C* ^ o 'ft&O^M#iJ<7)M 

Mitt±=^iS^L/c2: ^6 4 6 0 nmI^Ji<5D«-ei^-;fe < h ^ 2. t^M^ WXti^ ^ 
fl-r. 20%&.±<DmMmi!}mhflfZo i<^mi-Au> AU lT0^-etL-rtL2,i;•c3ox/^°^;' 

TV^^ ^ hiflt>ih':>fz 
[*4] 



Zn (at%) 


42.5 


37 


40.2 


36.5 


45.5 


45 




5 


B 










GtKat^t) 






5 


9 






Cu (at%) 


2.5 


5 


4^ 


4.5 


4.5 


5 


S<5 (at%> 


50 


50 


50 


50 


45 


41.5 


To (at%%) 










5 


8.5 


Total (at%) 


100 


100 


100 


100 


100 


100 


a 


0.05 


0.1 


0.096 


0.09 


0.09 


0.1 




0.1 


0.16 


0 


0 


0 


0 




0 


0 


0-1 


0.18 


0 


0 


X 


0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0.1 


0.17 


Iffitt* (Qcm) 


0.32 


0.55 


0.15 


0.25 


0.08 


0.052 




3.2E-I-19 


1.2E+19 


2.GE^19 


4J2E+19 


2.5E-I-20 


6.0E4^20 



[0 0 4 7] 

immm 2 2 - 2 5) 

^fzo AK Ga. InO»t'i±. AK Ga. In(7)#]«M>K*t*l-(|(£^99. 9999%) =lr^M iMM 
'^mt^M^f^^^^^C. 6001C> 575°C) i: LTfOffl U/Co CmM|s|-t LTZnCh (i^;K99 
.999%) ^fflv^, -eO'fi#?ajR{i320'Ci: L/co Zn, Se, CutcJnx.^ (O^fy.hm'^^ 

ffltE#2 005-3030651 



mm 2004-031086 



: 11/ 



U±'<^mm^^^mm\^PJrm(DM<DmimM^^fZo A1, Ca, in, ZnCh <^#M^{it^:l^ 

«\ zn. cu . seo^mmammmi tmrn-^-^-ofzo sims ak ca, in. 

^^■^•^-h^hif-mU^f^fZo rtLibOfg^fL^ti, ^;?^'e^tL 250. 27. 38. 920 ncmt:-^ 
o/co ^i^x^coJI-ea. 460nmm±<^t&:g-Ci4/!'-^ < t ^>2.2;^mt-t:■|I^^P^J|3l^^^^^^ 
i". 20%J^±(^®3l!i^^^^t#t»tL/co CKT^MtlAu. Al. lT0^'!■tt'e^;?^2.'S-::5~•^^^^°';' 

X\/^'h^hifit>ii^^fZo 
[0 0 4 8] 

(^MM 2 6 ) 
■^t'*l^HJO^M^!]2 6 ICOV^-cmHJi-^o 
naZnSe*^ (Ga«. #:^^g^^~10-^ ncm. M:^f4(lll)) =lrfflv-. ^<7?«Jit::MBE 

•fe-trNK-7°p-ZnSe ^ U T?tJ^2 x 10^^ cm'^) i-ei^mOff^-CitML/to 

i<^II-lit-E@limn(DAum®^K^S*-&i' i I9i3 j:'?-100nmc^J¥§'e^Xi9#ttfv:o n-ZnSe 
*>KtClnm«=^®#y^^^ > iS^t?^ «9 #tt. AuH;^ t Inm«PBl<7)mm-mJ±#tt=lr|l^ L/- 

-^V^S465nm0^^i: ti-i^'t&SeOOnmOyn- F=&>5,^i> h ;V=lr^o^^:ds#P> tL/co 
i (D465nm^7fei±pn®-^#Mt:'69lE?L-a^#^'^l' i 600nin^^(4465nin^5l6t-^ 

20mA OfSSMf-^t^^O^T-OlEtft^ lOOOBtPBl^^f o i ^. H^fcS^JK o^j]i55^|g 

[0 0 4 9] 

(«^2 7) 

^«tLT. nMZnSe^^K (Ga». frWirQ^-lO"^ ncm. ffi:^fi(lll)) =grfflv>. i 
O^^S±tCMBE-&TV y K-7°ZnSe=^:fe -fc-^-SOnnK^Jf^-t-^liLfCo ^omJit'*;&IM 1 
i:|WI#tcCu aZnSe^^«^mL. h T^-;V=S:iiLfCo § ^ IC. ^ omJit'Ml 
mmOAum® trK^^*-&t- i i9 *5 J: -^-lOOnmCT^jJ^g -trlX !9 #ltfCo tttc J; ^ n-ZnSeM 
h pMZnSet-e. Ifv^ i ;i/5^~ff :?^/c P n^^^?F^^L/ci t t'^^o naZnSe^^Stcl 

1 0 tc^L/c<7)i;|Wi;|tt^JllI;^lp] (Aum^M=^iE^l) T;^SEE*tJ3Vm±-em»f£:d^'3£*>±:^^ 
^^»iStt7{|5^#^tt7to t:^c> iOL§v^mEE=^®x.^mJ±=£-ep^]n-t-^ Hi I hmm^D 
y)V^W^^W%hflfzo "^hKtfz. 20mAOSmW#-e^<7)*^^<7)||xiij^lO 

[0 0 5 0] 

(^MW 2 8 ) 

^!^V^T{i^WJ6 t|WI#lcCu »ZnSe'lr^*^mL. J?$0.2;«mOm^#/co XRDifet? 
I^^Lfz t i Ulilf (7) -7^0 - K^^^ n ^ - > (D<;^(7)/n° ^ - 1^ ^/i 

. 460niiiJ: ^^^^X'i±ir< < t '&2.2;umt tT^^^TOtim^^ tt-f . 20%m±O® 

ffiIE# 2005-3030651 



#® 2004-031086 



^--J : 12/ 



M1^mtJ7i^hmi^^i^'^^-t^^t7!}^t>^'^fZo tfz. 1 C?^^KXfii:£^ Zn, Se, C 
uO^^M}±■€■:}^^tL44.0, 5.0, 51.0 at% -C^-ofZo 
[0 0 5 1 ] 

3 0) 

. CVD-at^ J:oT'f«$:Jxfc#|&H^HZnSe*^^ (*|iIICLttm) ZnS^^S#*t»t^li 
LTt^fe*^n^^x-CV^-2, nfflfSeKl-fb^ilta-C-^;?) (Zn+Ca) imif^Wm^M (Ga/Zn=0. 15 
(■=6;Vj:b) , 95O°C-5O0#P^) HUK-fz^k. 'e<^ftMi::M L/vi ^) <7)-tr ^ ^ o 

itSeWmmi^^ ^ m^l-2iu mmm<7)^'^^a'C-^^ ^ ti}^i^-A-^^fZo iC9flg±^C|l#l m 

> ^ itn. $ ^ t::ft*#IS^TT'350°C-5:S^OMS^iP;i -g) t -C^lnmU^ 

^m^fzo AmmtinmMm<7)mm.-m,&^n^m^vfzt:i^. mij\^ ihimu^iE 
m) T;^mJ±lt/3.5VJ^il±t?m'm)&^'±■^Jt>6^^;2)^M'I4W^5J^> ^(Dm'f-^^^^ ^- 

[0 0 5 21 
[0 0 5 3 1 

[mi ] :^mm<Dmi<^^m<7)jfm(o^mi^^ytm^^mi-m 

[1114] ^^m<Dmi<Dm-m<Dmm<D^^i$-§t^m^<D^yt:^^^ h;v=sr^-tiii 

m 6 ] :^mm<7^'m 3 <Dmm(Dfm<D^mi^^itmi^^7^irm 

m 7 ] :$:^0j<75«M 1 . mmm 2 5 (D^mi^um-<DmM^^^ h)^^ 

im 8 1 1 <7)#s##f4<7>mj±-mmffl!ia^^^iii 

[1119] ^^m(omMMi 5 (o^mi^u^<^MM^^^ V)\^^m-tm 
[HI 0] :^mM<7)mMm2 e (D^mi^^^m'?^<^mj±-mmM^^^m 
mil} :^mM(DMmm2 e(D^m^^y(im^oEL:^'^^ v)v^^-rm 

[mi 2] :$:%HJ<^Cu«ZnS^#-*##^<7)Cu«a:i^>tvi"r^#^*g^^=gr^L/^ 

m 

[tf^<75iF^ig] 

[0 0 5 4] 

1 1 

1 2 ITO 

1 3 pMmM dEiimxmnmm) 

1 4 fi^® 

1 5 nmmum (m^^-^AfflmffiJi) 

1 6 i-y^^ 

1 7 MS/S 

1 8 

2 1 mm 

2 2 Cu«pMZnS^#*##*s|.:$^e>^;2,m 

aJiiE#2 005-3030651 



#11 2004-031086 



^--J : 13/E 



3 1 nMZnSeftIR 

3 2 NK-T'p - ZnSeJl 

3 3 Cu-^JP p MZnSeJi 

3 4 A urns 

3 5 Inm^ 



miE# 2005-3030651 



#11 2004-031086 



1/ 



1011 




2005-3030651 



#11 2004-031086 



^-v : 2/ 



[11121 



(a) 



11 



(b) 



(c) 




(d) 




(e) 




tBSE# 2005-3030651 



11 2004-031086 



^ — i? 



3/ 



[US] 



0.015 



0.010 



llBjl b 0.005 
O 



0.000 




-8 



-4 0 4 

Voltage (V) 



8 



[I1I41 



CO 



CO 

ru-» +J 



^ 150 




Wavelength (nm) 



ffi|iE# 2005-3030651 
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^--J : 4/ 



[m 5] 




700 1200 1700 2200 



fflsiE# 20 0 5- 3030651 



12004-031086 



: 5/ 



[ins] 



< 

m 



1.E-02 



5.E-03 



O.E-00 









O 






O 


A 




o 


A 


□ 




A 


□ 






□ 






a 












1 





-4 



-2 

□ 



6 



□ 

A 



□ A 
° ^ ^-O.E-03 



A 
O 



A 
O 



1.E-02 




:e (V) 
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^-^^^ : 7/E 



m 1 0] 



m 




tE (V) 



[mill 

300 



200 



M 100 




400 



500 



600 



700 



800 



900 



1000 



(nm) 



[H 1 2] 

1.E+04 e 



i 1.E+02 - 



1.E+00 



IS 



1.E-02 - 



1.E-04 




0.00 



0.02 0.04 0.06 

Cu^^j[)nM . ex 



0.08 



0.10 



mfiE#2 005-3030651 
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1/E 



mm] 

fLhm.lSu^ (Zni- Cua Mg^ Cdy ) ( Si - X - y Sex Tey ) (0.004^ a ^0.3, 

/?^0.2, 7^0.2, O^x^l, x + y^l) "C'^^ tt^ nXMJ^t::M^14^:t 

[S^HI] 01 



{iJiE# 2005-3030651 



#® 2004-031086 



^--J : 1/E 



tb M A 



il^lJ#^ [000113263] 

1 . ^^^M B 2002^12J|10S 



tBiE#-^' mtiE#2 0 0 5 - 3 0 3 0 6 5 1 



